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Summary
Introduction:  The  aim  of  this  study  was  to  deﬁne  a  new  index  to  measure  lateral  patellar  dis-
placement  (LPD)  using  nuclear  magnetic  resonance  imaging  (MRI),  an  axial  index  of  engagement
of the  patella  (AEI)  obtained  from  two  different  axial  MRI  views  then  to  validate  its  use  in  a
prospective  series  of  patients  presenting  an  objective  patellar  instability  (OPI).
Materials  and  methods:  One  huundred  and  thirty-ﬁve  patients  with  OPI  and  no  history  of
surgery of  the  patella  were  included  in  a  prospective  study  organized  by  the  French  Society
of Arthroscopy  performed  between  June  2010  and  August  2012.  All  patients  underwent  axial
and sagittal  MRI.  The  AEI  was  obtained  by  projecting  predeﬁned  patellar  and  trochlear  land-
marks (cartilaginous  landmarks)  on  2  different  axial  MRI  views  (one  trochlear  and  one  patellar).
The results  were  compared  with  a  series  of  controls  (n  =  45).
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Results:  The  preoperative  AEI  of  the  patella  was  0.94  ±  0.09  for  the  control  group  and
0.84 ±  0.16  for  OPI  group  (P  =  0.000016).  The  AEI  could  be  obtained  in  100%  of  the  cases  if
it was  measured  on  2  MRI  views  while  it  could  not  be  measured  in  38.5%  of  the  cases  if  the
measurement  was  only  obtained  from  one  MRI  view  or  whenever  the  widest  part  of  the  patella
was not  across  from  the  femoral  trochlea.  The  AEI  did  not  signiﬁcantly  depend  on  dysplasia  or
the presence  of  a  supratrochlear  spur.  The  lowest  AIE  values  were  associated  with  trochlear
dysplasia with  a  supratrochlear  spur  (P  =  0.0023)  and  a  more  prominent  trochlea  (P  =  0.0016).
The AEI  was  correlated  with  patellar  tilt  (P  <  0.000001)  and  TT-TG  on  MRI  (P  <  0.000001).
Discussion:  AEI  is  a  new  index  to  measure  LPD.  It  can  be  obtained  in  all  cases  because  it  is
obtained  from  two  different  MRI  views.  The  normal  value  is  close  to  1.  It  can  be  used  to  measure
patellar  instability  on  the  axial  plane  in  patients  with  OPI,  especially  in  the  most  severe  cases.
Level of  evidence:  III,  prospective  case  control  study.
© 2013  Published  by  Elsevier  Masson  SAS.
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bjective  patellar  instability  (OPI)  has  been  the  subject
f  numerous  publications  in  the  literature  especially  its
natomical  and  clinical  features.  In  particular,  lateral  patel-
ar  displacement  (LPD)  on  the  axial  plane  has  long  been
f  interest  to  surgeons.  It  has  been  evaluated  by  a  clini-
al  examination  [1—3],  standard  radiological  imaging  [4,5]
hen  CT  scan  [6—8].  MRI  has  made  it  possible  to  evalu-
te  bone  anomalies  (trochlear  dysplasia  [9]  and  the  TT-TG
istance  [10],  by  transposing  the  measurements  obtained
y  CT  scan),  but  also  cartilage  [11], and  soft  tissue
in  particular  the  medial  patellofemoral  ligament  [MPFL])
12].
Thus,  MRI  has  become  essential,  especially  since  it  pro-
ides  a  3D  assessment  of  the  position  of  the  patella  in
pace:  on  the  sagittal  plane  it  evaluates  patellar  height
13],  while  on  the  axial  plane,  patellar  tilt  and  lateral
isplacement  can  be  visualized.  Measurement  of  LPD  is
ssential  because  it  indicates  the  severity  of  patellar  insta-
ility.  Reports  of  its  measurement  in  the  literature  remain
nsufﬁcient  because  it  is  imprecise  or  difﬁcult  to  repro-
uce  [7,9,14—18]  (Fig.  1)  and  our  goal  was  to  improve
his.
The  goal  of  this  study  was:
 to  evaluate  lateral  displacement  of  the  patella  in
relation  to  the  trochlea  on  MRI  by  deﬁning  a  new
index,  the  patellofemoral  axial  engagement  index  (AEI),
(Fig.  2)  using  precise  and  reliable  landmarks  for  measure-
ments;
 to  validate  the  AEI  in  a  study  based  on  a  prospective
series  of  patients  presenting  with  OPI  compared  to  results
obtained  in  a  control  group.
aterials and methods
 non-randomized  prospective  multicenter  study  was  per-
ormed  in  9  surgical  centers  by  the  French  Society
f  Arthroscopy  (Société  franc¸aise  d’arthroscopie,  SFA).
atients  who  were  included  had  OPI  with  at  least  one
ecorded  episode  of  dislocation.  Patients  with  other  causes
f  patellar  instability  were  excluded  (ACL  tear,  subjective
u
e
i
natellar  instability)  as  well  as  patients  with  tibiofemoral
r  patellofermoral  osteoarthritis.
One  hundred  and  seventy  one  patients  were  included
etween  June  2010  and  August  2012.  One  hundred  thirty  ﬁve
f  these  patients  (56%  women,  mean  age  24.6  ±  9.3  years
ld,  BMI  22.5  ±  3.84  kg/m2) had  no  history  of  surgery.  Only
hese  135  patients  underwent  MRI.
A  control  group  of  45  subjects  with  no  patellofemoral
ain  was  used  to  compare  MRI  measurements.  None  of  the
ubjects  in  the  control  group  had  any  history  or  clinical  signs
uggesting  patellofemoral  disease.
All  of  the  patients  underwent  standard  radiographic  and
RI  examinations.
Examinations  were  performed  in  participating  centers
ith  the  patient  in  the  supine  position  with  the  knee
early  extended,  placed  in  a  speciﬁc  antenna/coil  for  detec-
ion.
Measurement  of  AEI  was  obtained  with  2  different  axial
RI  views  (Fig.  3).  Like  patellar  tilt  (PT)  (Fig.  4),  the  mea-
urement  of  AEI  used  cartilaginous  and  posterior  condylar
andmarks  as  references.  A  torn  MPFL  and  its  insertion  site
as  also  looked  for,  as  well  as  the  lateral  trochlear  inclina-
ion.
Patellar  height  was  measured  on  sagittal  MRI  (Fig.  5)  as
ell  as  the  patellofemoral  sagittal  engagement  index  (SEI)
Fig.  6),  which  was  also  obtained  with  2  different  MRI  views.
easurements  were  performed  using  free  imaging  software
sirix® [19], (Pixmeo©,  Geneva,  Switzerland.).
Statistical  analyses  were  performed  with  R  version
.14.1-1  (http://www.r-project.org/)  software.  Compar-
sons  of  two  means  were  obtained  with  a  Welch  T  test.
he  dependence  of  numerical  variables  such  as  AEI  on
actors  such  as  dysplasia  was  assessed  by  1-factor  analy-
es  of  variance  with  a  linear  model.  Correlations  of  pairs
f  numerical  variables  were  estimated  by  the  Spearman
orrelation  coefﬁcient.  The  hypothesis  that  this  coefﬁ-
ient  was  equal  to  0  was  tested.  Asymptotic  convergence
heorems  such  as  the  central  limit  theorem  for  the
ean  guarantee  that  non-parametric  tests  do  not  pro-
ide  more  favorable  results  than  the  parametric  tests
sed  in  this  study.  Indeed,  the  amount  of  data  used  in
ach  test  were  sufﬁcient  to  guarantee  convergence  of  the
ndicators  being  studied.  P  <  0.05  was  considered  to  be  sig-
iﬁcant.
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Figure  1  Main  measurements  of  patellar  displacement  published  in  the  literature.  a:  ‘‘LPD’’  described  for  30◦ LPD  by  Laurin
et al.  [4],  using  the  anterior  trochlea  as  a  landmark;  b:  ‘‘LPD’’  reported  by  Muhle  et  al.  [16]  with  kinematic  MRI,  using  the  posterior
condyle as  a  landmark;  c:  « Tangent  offset  » described  by  Stanford  et  al.  [14]  on  dynamic  CT  scan,  using  the  tangent  of  the  cortex  of
the lateral  trochlea  as  a  bone  landmark.  Measurement  used  on  MRI  by  Pﬁrmann  et  al.  [17];  d:  ‘‘Lateral  shift’’  described  by  Sasaki
et al.  [6]  on  dynamic  CT  scan  using  an  anterior  landmark;  e:  ‘‘Bisect  offset’’  described  by  Stanford  et  al.  [14]  on  dynamic  CT  scan
using a  posterior  landmark;  f:  ‘‘LPL’’  described  on  X-ray  by  Brossman  et  al.  [7],  used  with  dynamic  MRI  by  Duchman  et  al.  [15]  and
in a  cadaver  study  by  Nicolaas  et  al.  [21],  using  an  anterior  trochle
single view  where  the  patella  was  the  widest.
Figure  2  Diagram  to  measure  the  patellofemoral  axial
engagement  index  on  MRI  (a  step  by  step  description  of  the
measurement  is  described  in  Fig.  3).  Note  the  landmark  of  the
posterior  condyle.  Two  views  were  used  to  identify  trochlear
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and patellar  cartilaginous  landmarks. i
e
o
tar  landmark.  All  of  these  measurements  were  obtained  with  a
esults
adiological  results
t  was  found  that  87.2%  of  the  patients  had  femoral
rochlear  dysplasia  according  to  the  Dejour  classiﬁca-
ion  [20]  (type  A:  28.4%,  B:  28.4%,  C:  16.4%,  D:  26.7%).
atellar  height  according  to  Caton  and  Deschamps  was
.18  ±  0.18.
RI  results
he  AEI  could  always  be  measured  when  2  different  axial
iews  were  obtained.  The  AEI  could  not  be  measured  in
8.5%  of  cases  when  only  one  axial  MRI  view  was  obtained.
ndeed,  on  the  axial  view  where  the  patella  was  the
idest,  the  trochlea  was  not  visible  in  38.5%  of  the  cases
Fig.  7).
The  AEI  was  0.84  ±  0,16  in  patients  with  OPI  compared  to
.94  ±  0.09  in  controls  (t(114)  =  −5.32,  (P  <  0.000001).
No  correlation  was  found  between  AEI  and  age,  gender,
eight,  weight,  BMI,  number  of  dislocations,  radiological
ndex  of  patellar  height  or  MRI,  patellofemoral  sagittal
ngagement  index,  visualization  or  not  of  an  MPFL  tear
n  MRI  or  at  the  insertion  site  or  measurement  of  lateral
rochlear  inclination.
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Figure  3  Description  of  MRI  measurement  of  patellofemoral  AEI.  a:  selection  of  axial  MRI  view  where  the  lateral  border  of  the
trochlea is  largest.  The  posterior  bicondylar  axis  ‘‘BC’’  is  drawn  (or  transferred  to  this  view  if  the  posterior  condyles  are  more
prominent on  another  view).  The  most  lateral  point  of  the  lateral  border  of  the  trochlea  is  identiﬁed  (arrow)  and  the  line  ‘‘T’’  is
drawn from  this  point,  perpendicular  to  ‘‘BC’’;  b:  selection  of  the  axial  MRI  view  where  the  patella  is  the  widest.  The  lines  ‘‘T’’
and ‘‘BC’’  are  transferred.  The  most  medial  point  of  the  patellar  cartilage  is  identiﬁed  and  the  line  ‘‘P’’  is  drawn  from  this  point
perpendicular  to  ‘‘BC’’;  c:  the  line  ‘‘LT’’  (projected  length  of  the  surface  of  the  joint  engaged  in  the  trochlea)  is  drawn  between
the lines  ‘‘T’’  and  ‘‘P’’  and  is  perpendicular  to  them.  The  most  lateral  cartilaginous  point  of  the  patella  is  identiﬁed  and  the  line
‘‘LP’’ (projected  width  of  the  total  patellar  surface)  is  drawn  from  this  point  to  the  line  ‘‘P’’  and  perpendicular  to  it.  The  AEI  of
the patella  is  equal  to  LT/LP.
Table  1  Results  of  the  AEI  in  relation  to  trochlear  dysplasia  according  to  Dejour  and  the  presence  or  not  of  supratrochlear  spur
(mean ±  standard  deviation).
Dysplasia  according  to
Dejour
No  dysplasia  A  C  B  D
AEI  (P  =  0.33)  0.91  ±  0.10  0.86  ±  0.10  0.82  ±  0.13  0.79  ±  0.23
(P  =  0.021)
0.82  ±  0.17
Dysplasia with  or  without
supratrochlear  spur
Absent  Dysplasia  without
supratrochlear  spur
Dysplasia  with  supratrochlear
spur  (=  stages  B  and  D)
AEI (P  =  0.15) 0.91  ±  0,10 0.85  ±  0.11  0.80  ±  0,20
n
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nAEI: axial index of engagement.
An  analysis  of  variance  suggests  that  the  AEI  did  not  sig-
iﬁcantly  depend  on  the  dysplasia  values  (F(3,108)  =  1.15:
 =  0.33)  (Table  1).  The  mean  AEI  of  the  dysplasias  with
r  without  a  supratrochlear  spur  were  not  signiﬁcantly
ifferent  (t(98)  =  1.46;  P  =  0.15).  The  AEI  was  lower  if
rochlear  prominence  was  increased  on  MRI  (cor  =  −0.44;
(114)  =  −5.25,  P  <  0.000001).
The  AEI  was  negatively  correlated  with  the  TT-TG  dis-
ance  (P  < 0.0001,  R  =  −0.47)  and  patellar  tilt  (cor  =  −0.55;
(128)  =  −7.43;  P  <  0.000001).
Table  2  compares  the  means  of  a  few  MRI
ndexes  for  the  series  of  135  OPI  and  for  the  control
roup.
s
d
p
n
Table  2  Main  results  of  axial  and  sagittal  MRI  in  the  SFA  OPI  serie
Preop.  MRI  results  AEI  Patellar  tilt  TT-TG  
SFA  series  (n  =  135)  0.84  ±  0.16  15.38  ±  9,11◦ 13.38  ±  9.
Controls (n  =  45)  0.94  ±  0.09  6.68  ±  5.00◦ 8.57  ±  4.3
P <  0.000001  <  0.000001  <  0.000001
MRI: magnetic resonance imaging; AEI: axial index of engagement; SFA
bility.iscussion
his  is  one  of  the  largest  series  of  OPI  in  the  literature  with
35  patients  compared  to  45  control  subjects.
The  AEI  is  a  new  index  of  measurement  for  LPD  and  is  a
irect  reﬂection  of  this  entity,  unlike  PT,  which  is  indirect.
he  AEI  was  obtained  from  two  different  axial  MRI  views,
hich  in  our  experience,  could  always  be  measured.  The
ormal  value  is  close  to  1.  Lower  values  indicated  more
evere  forms  of  OPI  and  were  correlated  with  trochlear
ysplasia  with  supratrochlear  spur  and  increased  trochlear
rominence.  A  study  evaluating  the  reproducibility  of  AEI  is
eeded.
s  and  the  control  group  (mean  ±  standard  deviation).
Index  of  patellar  height  Trochlear  prominence
44  mm  1.18  ±  0.18  3.91  ±  1.81
0  mm  0.92  ±  0.11  1.05  ±  0.62
 <  0.01  <  0.000001
: Société franc¸aise d’arthroscopie; OPI: objective patellar insta-
Axial  MRI  index  of  patellar  engagement  
Figure  4  Diagram  to  measure  patellar  tilt  on  MRI  (alpha).
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can  be  used  to  visualize  patellofemoral  diseases  and  thatNote the  posterior  bicondylar  line  as  landmark  and  the  choice
of patellar  cartilaginous  landmarks.
In  our  prospective  multicenter  study,  the  most  important
information  was  the  importance  of  LPD  measured  by  AEI  on
MRI  and  obtained  by  the  projection  of  2  different  axial  views.
There  is  no  comparable  study  in  the  literature.  The  ﬁrst  view
was  chosen  so  that  the  lateral  rim  of  the  trochlea  was  wider
and  the  second  view  where  the  patella  was  wider.  Thanks  to
this  method,  the  AEI  could  always  be  measured  in  a  series
of  patients  with  OPI,  including  in  cases  of  patella  alta  or
whenever  sagittal  engagement  of  the  patella  on  the  trochlea
was  not  its  widest.
Several  teams  have  focused  on  kinematic  imaging  [7,16],
but  this  approach  is  less  sensitive  to  this  problem.  We  felt
that  the  nearly  extended  position  of  the  knee  was  interesting
because  in  this  position  LDP  is  maximal  in  patients  with  OPI.
a
o
f
Figure  5  Description  of  the  measurement  of  patellar  height  on  MR
longest. Identiﬁcation  of  the  most  proximal  and  distal  points  on  the  a
two points;  b:  selection  of  the  sagittal  MRI  passing  by  the  ACL  (mid
most anterior  point  of  the  anterior  prespinal  surface  of  the  tibia  is  id
and the  most  distal  point  of  the  line  ‘‘LT’’.  The  MRI  index  of  patellaS403
Delgado  et  al.  [18]  measured  the  ‘‘lateral  shift’’
escribed  by  Sasaki  et  al.  [6]  (Fig.  1d)  on  CT  scan  and
oted  that  this  measurement  could  not  be  obtained  when
he  patella  was  signiﬁcantly  lateralized  (5/126  cases  could
ot  be  measured  in  that  study).  They  also  analyzed  repro-
ucibility,  which  they  found  to  be  mediocre,  in  part  for  this
eason,  but  also  perhaps  because  of  the  choice  of  land-
arks  which  were  not  extremely  precise.  We  solved  this
roblem  by  using  two  independent  views,  the  posterior
ondyles  as  a line  of  reference,  and  cartilage  landmarks.
icolaas  et  al.  [21]  studied  51  asymptomatic  subjects  and
howed  that  inter-  and  intra-observer  reproducibility  was
ood  for  LPD  on  MRI  using  landmarks  that  were  similar
o  ours.  An  analysis  of  the  reproducibility  of  AEI  is  still
eeded.
Historically,  Laurin  et  al.  [4]  (Fig.  1a)  were  the  ﬁrst  to
easure  LPD  in  a  radiographic  study  and  chose  the  medial
orders  of  the  patella  and  the  trochlea.  Sasaki  et  al.  [6]
sed  these  same  landmarks  on  CT  scan,  then  Muhle  et  al.
16]  (Fig.  1b)  suggested  using  them  for  MRI.  We  did  not
se  the  medial  border  of  the  trochlea  because  it  is  often
ypoplasic  in  severe  forms  of  femoral  trochlear  dysplasia
22,23]  which  reduces  the  precision  of  this  measurement.
e  did  not  choose  the  trochlear  groove  as  a  landmark  for
he  same  reason  [14,24]  because  it  is  difﬁcult  to  identify  in
atients  with  femoral  trochlear  dysplasia  [22,23].  We  chose
he  most  external  ridge  of  cartilage  on  the  lateral  facet  of
he  trochlea,  which  we  feel  is  more  precise.
Like  others  [14,16,25], we  chose  the  posterior  bicondylar
ine  as  a  reference  because  it  is  reliable  and  easy  to  identify.
Cartilage  landmarks  on  the  patella  and  the  trochlea,
hich  are  more  precise  than  bone  landmarks,  and  which  can
e  obtained  on  MRI,  seemed  to  be  more  logical  for  articu-
ar  measurements.  Charles  et  al.  [26]  has  shown  that  MRIll  measurements  previously  obtained  on  CT  scan  can  be
btained  on  MRI.  Like  Stäubli  et  al.  [9],  we  observed  a  dif-
erence  between  the  anatomy  of  the  underlying  bone  and
I.  a:  selection  of  the  sagittal  MRI  view  where  the  patella  is  the
rticular  surface  (arrows).  A  line  is  drawn  ‘‘LP’’  between  these
dle  of  the  knee).  The  line  ‘‘LP’’  is  transferred  onto  this.  The
entiﬁed  (arrow);  c:  the  line  ‘‘LT’’  is  drawn  between  this  point
r  height  is  equal  to  LT/LP.
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Figure  6  Description  of  MRI  measurement  of  the  patellofemoral  sagittal  engagement  index.  a:  selection  of  the  sagittal  MRI  where
the patella  is  the  longest.  Identiﬁcation  of  the  most  proximal  and  distal  points  on  the  articular  surface  (arrows).  A  line  ‘‘LP’’  is
drawn between  these  two  points;  b:  selection  of  sagittal  MRI  view  where  the  trochlea  is  the  longest.  The  line  ‘‘LP’’  is  transferred
onto this.  The  point  of  cartilage  that  is  most  proximal  to  the  trochlea  is  indentiﬁed  (arrow);  c:  the  line  ‘‘LT’’  is  drawn  from  this
point, parallel  to  ‘‘LT’’  and  ending  in  a  line  perpendicular  to  ‘‘LT’’  p
of the  patella  is  equal  to  -  LT/LP.
Figure  7  Example  of  a  view  where  the  patellar  is  widest  and
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obtained  with  2  different  axial  views,  one  trochlear  and  onehe trochlea  is  not  visible,  which  makes  it  impossible  to  measure
he  AEI  if  only  one  view  is  used.
he  cartilage,  thus  supporting  the  use  of  MRI.  The  most  lat-
ral  part  of  the  trochlea  can  be  difﬁcult  to  identify  in  cases
f  severe  dysplasia  or  if  patellar  dislocation  has  caused  a
racture  of  the  lateral  border  (no  case  in  our  serie).  In  a
eries  of  51  control  subjects  Nicolaas  et  al.  [21]  preferred
o  use  the  tangent  of  the  lateral  condylar  cortex  (Fig.  1c).
They  showed  that  the  measurement  was  reliable,  but
ade  it  impossible  to  use  a  cartilaginous  landmark,  which  is
loser  to  the  real  joint.  We  feel  that  the  inclination  of  the
ateral  cortex  chosen  by  these  authors  can  vary  and  it  has
ot  been  evaluated  in  a  population  of  OPI.
Like  other  authors  [10,15,17,21],  we  chose  the  most  lat-
ral  point  of  the  patella  on  the  MRI  view  where  it  was  the
idest.  We  used  cartilaginous  landmarks,  which  correspond
o  real  articular  congruence.
p
v
wassing  by  its  most  distal  point.  The  sagittal  engagement  index
Like  Sasaki  et  al.  [6], then  Stanford  et  al.  [14], we  chose
 ratio  and  not  an  absolute  value.  In  this  way,  an  index  was
ndependent  of  gender  and  morphometric  data.  Multiplied
y  100,  this  index  indicated  the  percentage  of  the  cartilagi-
ous  patella  that  was  ‘‘engaged’’  on  the  trochlea.  A  normal
EI  value  is  close  to  1  in  controls,  which  indicates  complete
ransversal  engagement  of  the  patella  in  patients  without
atellar  instability.
In  clinical  practice,  the  AIE  can  be  used  to  identify
he  severity  of  LPD,  and  therefore  the  severity  of  patel-
ar  instability.  The  lowest  values  indicated  more  severe
atellar  displacement,  and  were  found  in  cases  of  dysplasia
ith  supratrochlear  spur  and  increased  trochlear  promi-
ence.  Limited  axial  engagement  was  also  associated  with
ncreased  PT  and  TT-TG  distance.  AEI  makes  it  possible  to
btain  a  precise  idea  of  the  severity  of  LPD,  which  is  directly
eﬂected  in  this  index.  Although  there  is  a  strong  correla-
ion  between  PT  and  TT-TG  distance  this  is  only  an  indirect
eﬂection  of  LPD.  Thus,  AEI  provides  a  more  precise  evalu-
tion  of  LPD.  The  reproducibility  of  this  index  needs  to  be
ested.  In  an  MRI  study  of  OPI  in  a  group  of  46  patients  and
9  controls,  Escala  et  al.  [27]  showed  that  the  best  sensi-
ivity  and  speciﬁcity  (92.7%)  to  differentiate  between  the  2
roups  was  an  increase  in  PT,  then  dysplasia  of  the  femoral
rochlea  (85.7%).  It  would  be  interesting  to  identify  the  role
f  AEI  in  a  similar  study.
onclusion
EI  is  a new  MRI  index  to  directly  assess  the  severity  of
atellar  instability  by  measuring  lateral  patellar  displace-
ent  (LPD).  It  can  be  obtained  in  all  cases  because  it  isatellar.  It  provides  direct  measurement  of  LPD.  The  normal
alue  is  close  to  1  in  controls.  In  our  series  of  135  patients
ith  OPI  the  AEI  was  0.83  ±  0.16,  which  was  statistically
[[
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[Axial  MRI  index  of  patellar  engagement  
different  from  controls.  The  AEI  values  were  not  associated
with  femoral  trochlear  dysplasia  with  supratrochlear  spur
but  they  were  associated  with  trochlear  prominence.
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